Low-frequency (10-6) genetic recombination was observed in a cephamycinproducing strain of Streptomyces griseus. The recombinants were predominantly heteroclones. Heteroclone analysis was performed involving four heteroclones of one cross. In 100 mutants no correlation was found between the type of auxotrophy and the level of antibiotic activity. A cross of this strain with a streptomycinproducing strain of S. griesus is described.
Streptomyces griseus is important industrially because it produces several major antibiotics (13) . In recent studies, one strain was found that produces cephamycin, a 7-methoxy analog of cephalosporin C (5, 12) . Because of the importance of S. griseus, efforts to detect recombination were made very early in the history of actinomycetes genetics: Bradley and Lederberg (1) found only heterokaryosis, whereas Braendle and Szybalski (2) reported that technical difficulties were encountered. Following the recent developments in the genetics of S. coelicolor (6, 8, 11) , recombination and genetic mapping were described for several industrial actinomycetes (7) . The study reported here (i) presents evidence for recombination in the cephamycin producer S. griseus, (ii) indicates the existence of relatively stable heteroclones, and (iii) describes the first successful heteroclone analysis and the results of a successful cross between cephamycin-and streptomycin-producing strains.
The cephamycin producer S. griseus NRRL 3851 (12) was obtained from Northern Regional Research Laboratory, Peoria, Ill.; the other strains used for recombination studies were mutants derived from this strain after treatment with N-methyl-N'-nitro-N-nitrosoguanidine (4 + + + 0 a Putative recombinants detected on the selective media were transferred to the same selective media. Growing colonies were transferred to complete medium, from which they were velvet-replicated to the diagnostic media. The numbers opposite recombinant types represent the relative frequency of the expected recombinant types in the samples of the selected recombinants. arn-i, Requires arginine (Arg) and ornithine (Orn); rib-i, requires riboflavin (Rib); met-12, requires methionine (Met); cys-2, requires cysteine (Cys); str-7, resistant to dihydrostreptomycin (20 mg/liter of Str); acr-7, resistant to acriflavine (75 mg/liter).
b Frequency of recombinants per total spores plated on the selective medium.
loids segregating from the heteroclones would be resistant and would appear as minute colonies. This assumption was tested. Spores from several suspected heterozygous heteroclone colonies were plated on streptomycin or acriflavine medium (Table 2) . In seven such tests, the frequencies of resistant colonies were 10-2 to 10-4. These values are incompatible with the assumption that the progenitor colonies were resistant, and they are too high to be explained by spontaneous mutations for resistance. They could be explained by segregation of rare resistant haploids from the heterozygous heteroclone. In six of these tests, only one class of recombinants was represented in each test; in at least three, the phenotypes differed from those of their progenitors. In one test (Table 3) , there were more than a single class per selection, and heteroclone analysis was attempted. Spores from four suspected heterozygous colonies from the cross str-6 met-9 x am-i acr-7 were spread on complete medium and on acriflavine or streptomycin medium, and about 75 single-spore colonies were isolated and tested for genotypes (Table 3) . Three to four classes of genotypes were found in each test. In each of the heterozygous colonies, only one parental type was found. If we assume a circular map, three arrangements of markers are possible, two of which have been rejected (since the order arn-acr-str-met-arn requires discontinuous chromosomes in merozygotes 13 and 14, and the order arn-acr-met-strarn requires multiple crossing-over events to explain major classes of recombinants). The order arn-str-acr-met-arn is compatible with the data, and the four merozygote arrangements, with the respective allele frequencies and the most-probable crossing-over events, are illustrated in Table 3B (analysis based on the method of Hopwood [7] ).
Spores of a streptomycin-producing strain, 7-455F3 (streptomycin resistant), were mixed in a 10:1 proportion with spores of strain 48 (cephamycin producer, am-i met-9 acr-7; a haploid Table 2 ) and plated on the complete media for the two strains. The phenotypes of the spores harvested from these crosses were in the proportions 1:10 and 1:20 (7455F3:48) on the two complete media. On both media, strain 48 overgrew strain 7-455F3. No resistant colonies were found when the selective medium was complete medium plus acriflavine plus streptomycin (<0.3 x 10-7 from the two complete media). When the selective medium was minimal medium plus methionine plus acriflavine (selection for Acrr Arn+), recom- binants were found at a frequency of 2 x 10-4. Amohg 62 tested recombinants, 58 were Arnm Met-Ste Acrr. All had the morphology of strain 48. On control plates of minimal medium plus arginine, ornithine, and acriflavine, the frequency of revertants met --met' was <5 x 10-5.
The 6.5% Met4 segregants among the Am4 Acr' recombinants probably represents recombination involving a nonselective marker.
Over 100 auxotrophic mutants, involving 40 different nutritional requirements, were tested for antibiotic activities on growth plates against B. subtilis ATCC 6633. Some mutants showed increased or reduced activity, some showed no change in activity, and 35% lost activity. No correlation was found between the type of auxotrophs and loss of activity. The lack of such a correlation among mutants defective in methionine-cysteine synthesis and valine synthesis is notable (9, 10) . One methionine-deficient strain that also lost cephamycin activity was tested genetically to determine whether this association was coincidental or genetically linked. Among 10 haploid segregants from cross 1 (met- 12 , nonproducer x met+, producer) (Table 1) , five were met-12, antibiotic producer, four were met+, antibiotic producer, and one was met+, nonproducer. This suggests that met-12 and loss of cephamycin production segregated independently.
The results present evidence for the existence of recombination in S. griseus at a low frequency, i.e., 10-6. Many of the putative recombinants were unstable. This instability has been reported for a streptomycin-producing S. griseus strain (1) and has been interpreted as segregation of haploids from heterokaryons. Sermonti (11) pointed out that it is possible that Bradley and Lederberg observed heteroclones, unknown at the time. The instability as presented here is interpreted, in many cases, as the selection of merozygous spores rather than haploid recombinants. These merozygotes develop into partially heterozygous heteroclones (6) , which give rise to haploids that appear after further selection on the diagnostic media. Predominance of heteroclones among the selected putative recombinants has been-reported for S. achromogenes by Coats (3) . It is difficult to construct a genetic map on the basis of haploid analysis in the present work because true haploid recombinants are lacking. (Table 2) , since only a single recombinant type was selected from each apparent heteroclone. The first successful heteroclone analysis is given in Table 3 . If we assume the same genetic system as in S. coelicolor, i.e., a circular map and a merozygote giving rise to a heterclone with a single, but partially redundant, chromosome (6), then the order of the first four analyzable markers is arn-l-str-6-acr-7-met-9-arn-1.
The first cross between a streptomycin producer and a cephamycin producer proved successful. The recombination frequency (2 x 10-4) between the selective markers am-1 and acr-1 is significantly higher than the frequency of the respective reversion frequencies. It will be of interest to see the segregation of the types and levels of antibiotic production among progeny from the cross involving strains producing different levels of different antibiotics. Such experiments are in progress.
The results of this study open the way for a more detailed genetic study of S. griseus. There is a need for a method that will enable an extensive mapping of the chromosome. Two improvements are feasible. One is the selection of strains that yield haploid recombinants, as has been done recently with S. achromogenes (J. H. Coats, Symposium on the Genetics of Actinomycetales, Borstel, Germany, 1976, unpublished). The other is the use of heteroclone analysis in crosses involving more genetic markers. Progress in this direction is necessary before any improved genetic technique can be used for rational and successful strain development (7) in this potentially important industrial strain of S. griseus.
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